Relationship belween Formation of PCDDs/Fs and Control of CO and liIC1 Levels
in Flue Gas and Gas Temperatures in a Municipal Waste Incinerator

Ryuzo TAKESHITA, Yoshio AKIMOTO and Shin'ich NITO

School of Pharmaceutical Sclence, Toho University
2-2~1 Miyama, Funabashl-shi, Chiba 274, Japan

Masahide NISHIGAKI and Makoto KAWASHIMA

Engineering Deptl., Environment Division, Takuma €O., LTD.
3-23, Dojima Hama 1-Chome, Kita-ku, Osaka 530, Japan

Abstract

The control of PCDDs/Fs formation was investigated in a municipal waste incinerator equipped
with the electrostatic precipitator (EP). The simultanecus contral of the CO and the HCl
concentration levela and the gas tomperature proved very effective in tho contral of
PCDDs/Fs formation, reducing the concentration of PCDDs/Fs in flue gas at the EP outlet to
0.2 ng/Nm3 as 2,3,7,8-T,CDD when they wore evaluated by the international toxicity
ocquivalent factors.
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Introduction

As in Japan, in order to remove dust in the flue gas the great majority of aunicipal waste
incinerators (MYI) are equipped with an electrostatic precipitator (EP) in which PCDDs and
PCDFs (PCDDs/Fs) are probably generated from pracursors in tha flue gas, it is of urgent
necessity to make efforts for the control of PCDDa/Fs formation in the incinerators. The
parameters of the control of PCDDS/Fs formation have been known to ba CO and HCl levels in
the flue gas and temperatures of the fluo gas passing through the EP. We have already found
effects of rospective control of co!) and nCl lavels?) on the PCDDs/Fs forsation as
presented at DIOXIN '88.

The object of this investigation was to find the effect of combined control of CO and HC!
levels in the flue gas and the flue gas temperature in an incinerator equipped with an EP.

Experimental

Incinerator

The MWI used in this investigation was of a stoker typa manufactured by TAKUMA CO., LTD.
Japan and gas quenching and HCl removal systems were provided befora the EP in the process
of flue eas flow. The flow shoet of the MW! avstem is shown in Fie. 1.
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Fig. 1 Flow Sheot of Municipal Waste Incinerator

Sazpling

Flue gas samples in the EP inlet and cutlet were simultaneously collected at the points
ahewn in Fig. 1. Using a sampler system as shown in Fig. 2, PCDDs/Fs in gas and dust were

separately collected. Ash samples were ccllected from the conveyor of the EP.
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Fig. 2 Gas Sampler System

Analytical Procedure

PCDDa/Fs in the gas and the dust in the gas samples and in the EP ash wore analyzed in much

the same¢ procedures as we have previously rcportedl'
Results and Discusaion

Five Gas Temperatures at EP Inlat and O and HC! Concontration Levels at EP QOutlet

Tabie | shows Lhe flue gas temperatures at the EP inlet and concentration levels of CO and

HCl fn the EP outlet gas.

The gas teaperatures were well controlled at three average temperatures by water spraying of
the gas cooling ecquipment. In exp. 1-%, CO concentration levels were controlled at law
levels oxtremely well by introducing secondary air to the furnace at the points (1), (2) and
(3} shown in Fig. 1, whereas in exp. 10, introduction of secondary air at point (2) was

tersinated and CO levels much higher than in exp. 1-9,
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The concentration levels of HCl in the gas introduced te the EP were controlled to thres
average concentrations by injecting calcium hydroxide into the flue gas bsfore the EP.

Table 1  Averagoe Gas Temperatures at EP Inlet and Average CO and HCl Concentrstion Lavals

Exp. No. Gas Tunpas‘aturu CO con enlsauon HC1 co?cons.rltlon
‘c ippl ppe
] i 1 i
3 200 7.1 21# H
4 240 3.3 93 (L
5 240 4.1 471 ]
[ 240 6.4 89 (H
7 300 2.9 88 (L
8 300 4.8 69 {H
9 300 4. 12 (H
10 300 202 251 (H)

Concontration of Dust in EP [nlet Gas, Injected Awounts of Calcium Hydroxide, Formed Amounts
of EP Ash and Gas Volumes

As dust in the EP inlet gas was sampled at a point before the place where calciua hydroxide
was injected, high concentration of the dust in the gas indicated i(mperfect combustion in
the furnace (Table 1I}. In expariments at low CO levels, formad amounts of EP ash inareased
proportionally to injected amounts of calcium hydroxide. Amounts of the EP ash foraed in the
EP at the high CO lavels wors higher than those at the low CO levals. This phenomenon would
appear to result from the increase of carbon formed by imparfect combustion in the furnace.

Table 1I  Amounts of Dust in EP Inlet Gas, Injected Asounts of Calcium Hydroxide,
Forned Amounts of EP Ash and Gas Volumes

Exp. No. Dust in EP lnioc;ed Formed Gas_Volume
Inlet Gas Ca[OH), EP Ash at EP Outlet
_ (e/he) (g/nnd) (s/8a%) (Nad/hr)
1 1.28 4.1 6.2t 5183
2 1.21 1.61 3.84 gﬂgﬁ'l
3 1.26 0.21 2.01 24085
4 1.52 4.56 6.36 6162
5 1.25 1.72 3.25 %Sggl
6 1,27 0.20 1.84 25589
1 1.30 4.57 8.07 3
8 1.26 1.27 3.21 33133
8 1.49 0.18 2.13 26720
10 1.51 0.60 3.07 23183

PCDDs/Fs Concentrations in EP Inlet Gas

Fig. 3 shows PCDDs/Fs concontration levels in the EP {nlet gas in all the expariwenta. The
majority of PCDDs/Fs in the gas were observed i{n the dust.

1) Relatfonship between PCDDs/Fs levels and gas temperatures: [n experisents wilh controlled
CO lovels, PCDDs/Fs in the gas showed higher concentration lavels when the gas temperaturss
were remained high. PCDDs/Fs were formed from the precursors in the flue gas in the procesa
of flow from the furnace to the gas sampling point just before Lhe place where calcium
hydroxide was injected. Quenching the gas by water spray to decrease the gas Lesperaturs
effectively decreased the PCDDa/Fs formation in the gas.

2) Relationship betweon PCDDs/Fs levels and CO levels: PCDDs/Fs levels in the gas at the
high CO levels ware much higher than those at the low CO levela. 1t is therefora reasonable
to agsume that PCDDs/Fs were formed more under imporfect combustion in the (urnsce.
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3) Rolationship between PCDDs/Fs levels and HCLl levels: At the low CO levels, there were no
great difference in PCDDs/Fs concentrations in the gas with different HCl levels. Therefore,
before the EP the HCl levels in the gas would be not related to the PCDPs/Fs formation
directly. In the process of the gas flow fros the furpace to the EP, the temperature of the
xas was sore closely related to the formation of PCDDs/Fs than HCl levels in the gas.
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Fig. 3 PCDDs/Fs Concentrations in EP Inlet Gas

PCDDs/Fs Concentrations fn EP ash

Fig.4 ahows PCDDs/Ps concentrations in the EP ash samples. The higher the gas temperatures
and tho HC! levels in the gas (except for a combination of the lowest HCl level and the gas
tesperature of 240°C) wore, the more the PCDDs/Fe levels tended to increase. In the series
of s{milar temperatures, the formation tended to increase in the presence of HCl at higher
levels.

Ll level
Cos Tanp.
D lgvei

Fig. 4 PCDDs/Fs Concentrations in EP Ash

PCDDg/Fs Concentration jn EP Outlet Gas

Fig. 5 ahows PCDD2/Fa concentratlions In the EP outlet gas in all the experiments.

In every experiment, PCDDs/Fs concentrations in the EP outlet gas were lower than those in
the corresponding EP inlet gas, and the majority of PCDDs/Fs in tho gas samples vors
observed in the gas contrary to those 1n the EP inlet gas.

1}  Relationship between PCDDs/Fs concentrations and gas temperatures: PCDDs/Fs
concentrations in the EP outlet gas increased whan the gas temporatures remained higher for
similar HCl levels.

2) Relationship between PCDDs/Fs concentrations and CO levels: PCDDs/Fs concentrations in
the gas at the high CO level were higher than those at low CO levels controlled by
tntroducing the secondary air into the furnace at the point (2).
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3) Relationship botween PCDDs/Fs concentrations and HCl levels: In the cxperiments at the
highest gas temperature and at the low CO levels, the PCDDs/Fs levels tended to increass
with higher NC1 lavols in the gas. The PCDDs/Fs concentrations at the lowest HCI
concentration when the gas temperature wore at 200 and 240°C showed higher levels than at
other HCl1 levels.
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Fig. 5 PCDDs/Fs Concentrations in EP Qutlet Gas

Formation Behaviors of PCDDs/Fs

PCDDs/Fs concentrations in the EP inlet gas (1) and in the EP (2) are showing Pig. §. The
latter concentrations were expressed as the sus of the PCDDs/Fs concentrations in the EP
outlet gas and those in the EP ash converted per Nn3 of the flue gas.
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Fig. 6 PCDDs/Fs Formation before and in EP
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Fig. 7 Amounts of Dust in EP Inlet Gas
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In every experimont at the low CO levels, the total concentrations of PCDDs/Fs in the EP was
always much higher than in the EP inleL gas, and the majority of PCDDs/Fs in the EP were
contained 1n the EP ash, indicating that the major PCDDs/Fs were formed in the EP from
precursors of PCODs/Fs in flue gas and then adsorbed onto particulates of fly ash.

AL the high CO levels, the PCDDs/Fs concentrations formed at high HCL levels and at 3007C of
flue gas lesperaturo ware such higher than those formed at similar HCl levela and gas
tempersture in the exporiments at the low CO levels.

The PCDDs/Fs concentration levels in tha EP were closely related to the amount of dust in
the EP inlet gas before the injection of calcium hydroxide as shown in Figs. 6 and 7. Since
thers were large asounts of precursors of PCDDs/Fs from imperfect coabustion in the gas
where dust levels in the gas were high, PCDDs/Fs would be formed in propertion to the amount
of the dust. If the bag filter had been used to remove the dust in the gas in place of an
EP, the FCDDa/Fas concentrations in the outlet gas would show levels below those of the
gaseous PCDDs/Fs In the inlat gas.

The first of impartant factors to control PCDDs/Fs levels in the flue gas discharged from
the stack is to keep the (O levels continuously low during cowbustion by effective
introduction of secondary air, resulting in decreased formation of PCDDs/Fs precursors. The
second 18 to lower gas tlesperature aa scon a3 poasible in the process of gas flow and
thareby the formation of PCDDs/Fs [rom precursors will be controlled and the third ls to
resove the dust in the gas by the bag filter aftor {njection of calcium hydroxide. When an
EP is used to remove fly ash, 1t will be necessary to lower flue gas temperature and HC1
levels in the EP to control PCDDa/Fs formation in the EP.

Toxicological Evaluation of PCDDs/Fs in Flue Gals

Based on the international toxicity equivalent factors, the concentrations of 2,3,7,8~
substituted PCDDs/Fs In the EP outlet gas were converted to those of T4CDD as shown in Fig.
8. PCDDs/¥s in the flua gas at the EP outlot when the gas temperatures were at 200%7 and
2407C at the low CO levels showed the concontration level lower than 0.5 ng/Nm3 ag 2,3,7,8-
T,C0D and the lovesy concentration was about 0.2 ng/Hna when the formation in tho gas were
well controiled.
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Fig. 8 Concentrations of PCDDs/Fs Converted to 2,3,7,8-T,CDD
Toxicity in Flue Gas at EP Outlet
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